Abstract
Introduction

22
Artificial nighttime lighting, from streetlights and other sources, has diverse 23 and problematic environmental impacts. These include effects on the physi- Throughout, we concentrate on the underlying principles of the approach.
73
For practical application, calibration and instrument effects also need to be 74 considered, and these will be explained in a future paper. We focus here on 75 establishing the principles using Nikon DSLR cameras as the exemplar, because we will concentrate on the spectral response of the Nikon D3s (the most common 83 camera used on the ISS), this response is virtually identical to that of others 84 that have been used, such as the D3, D4 and D5 (Fig. 1) .
85
Synthetic photometry
86
The first thing we need to know in order to use an ISS image to determine 87 the colour of outdoor lighting of an area is to calculate the predicted response 88 of the sensor in the camera to a certain light spectrum. We employ synthetic 89 photometry, a mathematical technique that allows prediction of the spectral fea-90 tures of a light source under different conditions or instrument settings (Straizys, 91 1996) ). This is widely used in astronomy (Fukugita et al., 1995), but can be 92 applied to other photonics based research topics. In astronomy, the brightness 93 of a source, measured in magnitudes, can be predicted based on its spectral 94 energy distribution and that of a reference source as:
where 
105
In remote sensing, where the AB magnitude system of units is not used, the 106 brightness of a source is quantified as radiance, that can be measured using the 107 much simpler expression:
Conversion from m AB , AB magnitudes, to radiance R can be done using 
where R is expressed in erg s −1 cm −2Å−1 , andλ is the average wavelength of 111 the band defined by
Synthetic photometry measurements can be obtained for any combination
113
of spectral source and wavelength range using equations 1 and 3. In astronomy 114 one can employ the spectrum of many stars for calibration purposes. This is 115 much cheaper, precise and accessible than using absolute calibrated radiometric 116 lamps. In this paper we use radiance ratios of the form:
where R is the radiance in one filter/instrument system, R is the radiance of 118 the same source using a different filter/instrument system, T and T are the 119 spectral transmittance of the respective filter/instrument systems, and C T,T bands. For present purposes we assume direct line-of-sight to the light source.
167
In practice, atmospheric corrections may need to be considered when the obser-168 vation is made from space, or reflectance corrections if the light does not take 169 a direct path to the sensor. We also treat the detector as ideal, so it is not 170 affected by differences in the sensitivity of the camera to different wavelengths 171 or linearity issues. In practice, the RAW image data would also need to be 172 corrected for these effects.
173
It is important to note that the RAW image is the least processed that 
217
Polynomial fits were calculated using the polyfit function of Walt et al. (2011) .
218
The errors of the fits have been calculated using the bootstrap technique with 
232
There is a strong relationship between the ratio G/R and the V (λ)/G ratio 233 derived from the sensitivity curve for this vision (Smith and Guild, 1931) (Table   234 1, Fig. 3 ). The relationship is not linear, such that errors in the determination
235
of lower values of the G/R ratio will lead to larger errors in the V (λ)/G ratio. illuminance from a mixture of surfaces, including the roofs of buildings. In 247 order for the end result to represent photopic intensity we need to multiply the 248 intensity of the green channel V(λ)/G ratio (eq. 6) (this paper):
This equation gives us the possibility of measuring luminance using DSLR 
There is a linear relationship between MSI and the G/R ratio ( 
Sometimes we might want to skip the step of the estimation of luminance as a measure of the visibility of stars to people:
There is a polynomial relationship between SLI and the G/R ratio (Table   294 1, Fig. 6 ). Similar to MSI, the blueish light sources are more dispersed than 295 the warm light sources. In addition, the plot shows a good fit concerning the
296
predicted SLI values derived from the spectra using the B/G ratio (Table 1) .
297
This SLI(B/G)relationship is less scattered than the SLI(G/R) ratio, although 298 the level of accuracy will depend on the signal to noise ratio. Usually, the 299 blue channel has a lower signal to noise ratio. Therefore, the G/R relationship 300 will often be more accurate. Similar to how we obtained the actual photopic φ n (lamp))(r, λ)I(λ)dλ
There is no relationship between the IPI and the G/R ratio (see in sup-
318
plementary materials) or the B/G ratio ( the ratio G/R, and more careful analysis is needed to exclude the black bodies
325
( Fig. 8) . 
Because of the complicated absorption spectrum of N O 3 (aka jN O 3 ), the 332 main precursor of N O 2 and NO, it does not show a good relationship with the 333 G/R ratio (Fig. 9 , Table 2 ) nor with the B/G ratio ( an approximately linear fashion (Fig. 10 ), but the best fit is a polynomial one.
359
The scatter is much greater for bluer lamps. CCT has been criticized because 
382
We focus on two of the environmental measures, photopic intensity and MSI.
383
There was no measurable change in photopic intensity, estimated using equation Milan (Fig. 11) . Weighting MSI by photopic vision, using equation 8, shows an 389 increase of 23% (Fig. 13) . the completeness of the spectral databases and other environmental corrections.
408
The only limitation of this method is that, although the data concerning pre-409 dicted colours is fully reliable, some field study is needed in order to set initial Miguel.
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Cameras were tested at Laboratorio de Investigación Científica Avanzada Elvidge, C.D., Cinzano, P., Pettit, D.R., Arvesen, J., Sutton, P., Small, C.,
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Nemani, R., Longcore, T., Rich, C., Safran, J., Weeks, J., Ebener, S., 2007.
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The nightsat mission concept. Rectangles and polygon as in Figure 11 .
